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Literature on the management of these problems is insufficient.
We present 2 cases of congenital pseudarthrosis of the tibia treated with primary resection and reconstruction with vascularised fibular grafts. Intramedullary nailing, without additional bone grafting, was performed to successfully treat residual nonunion and recurrent fracture following the procedure.
CASE REPORTS

Case 1
In June 1999, a 3-year-old boy presented to the Universiti Sains Malaysia with progressive painless
INTRODUCTION
Congenital pseudarthrosis of the tibia occurs in approximately one in 250 000 live births and presents with progressive deformity during the first year of anterolateral bowing of the left leg since birth. Clinical examination revealed an anterolateral angulation of the left leg at the junction of the middle and lower third. The leg was apparently 3 cm shorter. Radiographs of the leg showed Boyd type-4 pseudarthrosis of the tibia with an intact fibula (Fig. 1a) .
The abnormal part of the tibia, composed of bone and fibrous tissue, was excised, leaving a 10-cm gap. The bone gap was reconstructed by transposing the ipsilateral vascularised fibular graft with distally based peroneal vessels. The graft was fixed to the tibia with one 2-mm Kirschner wire at each end (Fig. 1b) . Postoperatively, the leg was immobilised in a long leg cast. At the end of 3 months, the fibula showed hypertrophic changes and early union. At 6 months, a fracture with angulation at the distal site through the hole of the Kirschner wire was noted (Fig. 1c) . Fortunately, the fibular graft became hypertrophied and almost equalised the remaining tibia. An intramedullary rush nail of 4 mm in diameter was then inserted from the heel through the calcaneum, talus, and ankle joint to the proximal tibia without opening the fracture site. Postoperatively, the leg was protected with a long leg cast for 6 weeks, followed by a patella-tendon bearing cast. At 4 months, good bony union was demonstrated, and the patient could move freely without external support (Fig. 1d) .
Case 2
In January 2002, a 4-year-old boy presented to the Universiti Sains Malaysia with Boyd type-2 congenital pseudarthrosis of the tibia and fibula (Fig. 2a) . The patient had been confined to a long leg cast for 3 years and finally was operated on at the age of 5 years. The abnormal bone and soft tissue was resected, and a 10-cm gap was reconstructed using a contralateral vascularised fibular graft composed with an allograft shell to provide early stabilisation. The composite was constructed by inserting a vascularised fibular graft inside the medullary cavity of the allograft using a pre-prepared window to allow vessel and softtissue attachment of the vascularised fibular graft. The construct was then fixed to the remaining tibia using plates and screws (Fig. 2b) . Postoperatively, the leg was immobilised in a long leg cast, and subsequently in a patellar-tendon bearing cast. Despite good union proximally, the distal osteotomy site did not show any union even at 8 months (Fig. 2c) . The distal junctional nonunion site was exposed, fibrous interposition tissues were cleared, and the fracture was realigned. Reaming was directed distally by hand through the ankle joint and heel. An intramedullary rush nail of 4 mm in diameter was then inserted from the heel through the calcaneum, talus, and ankle joint to the proximal tibia. This was performed by keeping endto-end contact between the rush nail tip and the reamer tip. Positioning was confirmed with an image intensifier. Postoperatively, the leg was protected with a long leg cast for 6 weeks, followed by a patella- tendon bearing cast. At 4 months, good bony union was demonstrated, and the patient could move freely without external support (Fig. 2d) .
DISCUSSION
The treatment goal for congenital pseudarthrosis of the tibia is to achieve bony union and avoid recurrent fracture and limb length discrepancy. The pathologic process of the disorder is the growth of abnormal, fibromatosis-like tissue either within the periosteum (dysplastic type) or within the endosteal/marrow tissue (cystic type), or the coexistence of both (mixed type). 3 Complete excision of the abnormal tissue is necessary to treat the problem, evidenced by visualising normal bleeding and marrow cavity. 3 Resection of the abnormal tissue, followed by fragment approximation, intramedullary nailing, and bone grafting, is a relatively easy procedure and is suggested as an initial treatment for congenital pseudarthrosis of the tibia. This treatment has a union rate of approximately 86% 4 ; however, it can result in the shortening of the affected leg. Reconstruction using the Ilizarov method, or a vascularised fibular graft, has been suggested when the initial treatment fails. 4 It is suggested using the vascularised fibular graft as a primary treatment when the gap is more than 3 cm. 5 In the present 2 cases, a 10-cm abnormal bone was resected to ensure all pathological bone was adequately removed.
Reconstruction of the abnormal bone using the vascularised fibular graft can maintain leg length, with success rates between 92% and 100%. 1, 2 Fractures through the screw hole and Kirschner wire can complicate the treatment, stable fixation of the whole construct in the initial operation is therefore very important. External fixators, such as an Ilizarov ring fixator, have been used to ensure union of the vascularised fibular graft. 5, 6 However, a stable intramedullary device was not feasible in paediatric cases due to the small medullary cavity of the fibula. In the present 2 cases, distal junctional nonunion was caused by unstable fixation or fracture through the pin hole. This could have been avoided if a stable construct had been achieved from the outset using an external fixator together with the construction until union occurred. The long leg cast we used may not have been rigid enough, but it should not be used for too long as it would lead to joint stiffness and muscle atrophy. Despite nonunion or recurrent fracture, the grafted fibula was hypertrophic and increased in size similar to the tibia after 6 months, a normal-size intramedullary nail was then able to be inserted into our patients. However, this procedure is feasible only if the grafted fibula is hypertrophic and the periosteal blood supply is re-established. 1 The intramedullary nail provided stability and alignment for our patients, and they achieved bony union without further bone grafting as the resected bone and periosteum was replaced by the healthy vascularised fibular graft.
CONCLUSION
Stability of fixation is very important to ensuring good union between a vascularised fibular graft and recipient bone. The use of an intramedullary nail is preferred to ensure healing of nonunion pseudarthrosis of the tibia treated with a vascularised fibular graft. Hypertrophy of the grafted fibula and its medullary cavity provides adequate space for the insertion of an intramedullary nail.
